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DESCRIPTION 

METHOD OF FABRICATION OF RE-BA-CU-Q- BASED OXIDE 

SUPERCONDUCTOR 

TECHNICAL FIELD 

The present invention relates to a method of 
fabrication of an RE-Ba-Cu-O-based oxide superconductor 
used for a superconductor bearing, a superconductor 
magnetic transport system, a superconductor permanent 
magnet, a magnetic shield, and various other 
applications . 

BACKGROUND ART 

In recent years, predicated on application of bulk 
superconductors to flywheels, magnetic levitation cars, 
etc., fabrication of higher performance bulk 
superconductors is desired. Further, to realize the above 
applications, as bulk superconductors, REBa 2 Cu 3 0 7 ^ r -based 
superconductors (RE123, RE being one type or two or more 
types of rare earth elements) are considered desirable. 

The repulsive force of superconductors and permanent 
magnets is proportional to the critical current density 
(J c ) and the size of the shielding current loop (R) 
flowing through the superconductor. To fabricate a high 
performance bulk superconductor, it is necessary to 
enlarge the J c and R. 

To improve the critical current density ( J c ) , it is 
necessary to eliminate as much as possible the grain 
boundaries and other weak link factors inhibiting the 
flow of current. Further, J c has a crystal orientation 
dependence becoming maximum in an orientation parallel to 
the c-axis of the 123-crystal in a low magnetic field, so 
it is preferable to make use of this dependence. 

Further, to increase the shielding current loop (R) , 
it is necessary to increase the grain size of the 
crystals . 

Further, at the present, advances are being made in 
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the technology for controlling crystal orientation. 
Techniques for causing melt-textured growth using seed 
crystals under a temperature gradient have been 
developed. Large-sized single domain superconductor bulk 
5 materials are being obtained. 

With such a large-sized bulk material, trapping a 
magnetic field over 5T in a liquid nitrogen temperature 
(77K) becomes possible in principle. 

As methods for realizing this, the MTG method (see 
10 S. Jin et al., Appl. Phys. Lett., 52 (1988), 2074), the 

QMG method (see M. Murakami et al., Jpn. J. Appl. Phys. 
pt.l, 28(7), (1989), 1189), and the OCMG method (S. I. 
Yoo et al.: Appl. Phys. Lett. 65 (1994), 633) (all by the 
melt-textured growth method) are used. 
15 These methods are methods shaping material powder 

using a metal mold by a uniaxial press and/or cold 
isostatic press (CIP) into a predetermined shape, heating 
this superconductor precursor (shaped article) once to 
the RE123 superconducting phase melting point or more, 
20 then cooling to the melting point or less to cause 

crystallization . 

By this method, it is possible to obtain a large- 
sized superconductor crystal eliminating weak links. 
Normally, the melt-textured growth method is performed in 
25 the air. 

However, when using an REl23-based material 
including an LRE having an ion radius of Gd or more (LRE 
being a light rare earth element such as La, Nd, Sm, Eu, 
and Gd), if growing the crystal in a high oxygen partial 
pressure atmosphere (in the air etc.), the LRE ions 
replace the Ba ions and degrade the superconductor 
properties. 

For this reason, when fabricating a superconductor 
crystal including the above elements, the practice is to 
perform melt-textured growth under a low oxygen partial 
pressure and prevent the formation of a solid solution. 

Further, for the purpose of improving the mechanical 



30 



35 



properties, it has been reported that if adding to the 
superconductor material in advance an excess of a second 
phase (RE211 or RE422) and/or 10 mass% or so of silver, 
the fracture toughness and other mechanical properties 
are improved (see J.P.Singh et al., J. Appl . Phys. 66(7) 
(1989) , 3154) . 

SUMMARY OF THE INVENTION 

An ordinary superconductor bulk can be fabricated by 
partially melting a shaped article comprised of RE123 and 
RE211 at a high temperature, then growing the crystal. 
However, for uniform heat decomposition of RE123, high 
temperature, long melting is necessary, but this melting 
is particularly difficult when aiming at a larger size. 

In particular, in the fabrication of an LREl23-based 
material, if the internal oxygen is not sufficiently 
removed, a solid solution is formed resulting in 
degradation of the properties, the superconducting 
transition temperature may drop, and nonuniform 
distribution may be caused. 

Further, by high temperature, long melting, the melt 
and the substrate material react and degrade the 
fabricated superconductor crystal. 

Further, a superconductor sample fabricated by a 
conventional method includes two phases ; an RE211 phase 
added as an initial material and an RE211 phase formed by 
heat decomposition of RE123. 

The former RE211 phase is mainly spherical, while 
the latter RE211 phase is needle-shaped. The 
superconductor crystal includes both RE211 phases. As a 
result, there are limits to improvement of the 
performance of a superconductor bulk. 

Therefore, the present invention has as its object 
to develop a process not including a step of heat 
decomposition of the RE123 phase and not requiring high 
temperature, long melting and to provide a method of 
fabricating a superconductor bulk large in size, high in 
performance, and superior in mechanical properties. 
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The inventors intensively researched the method of 
fabrication of an LRE-Ba-Cu-O-based oxide superconductor 
not including a heat decomposition step of the RE123 
phase . 

As a result, the inventors discovered that if using 
RE 2 Ba0 4 or RE 4 Ba 3 0 9 (an RE-Ba-O-based compound, RE being 
one type or two types or more of rare earth elements) and 
a Ba-Cu-O-based material for liquid phase as a starting 
material, melting the material for liquid phase, then 
growing the crystal, in accordance with the reaction 
RE-Ba-O-based compound+liquid phase 1 -» 
RE2ll+liquid phase 2 -» RE123, 
a superconductor crystal is grown. 

According to this method, it is possible to 
eliminate the heat decomposition step of the RE123 phase 
in the process of crystal growth and newly uniformly 
produce an RE211 phase. Further, it is possible to melt 
and infiltrate a Ba-Cu-O-based material for liquid phase 
into the spaces of the skeletal structure formed by the 
20 RE-Ba-o-based compound, then grow the crystal. 

These techniques are called the Universal 
Infiltration Growth Method, hereinafter called the "UING- 
method" . 

Further, the inventors discovered that according to 
the UING-method, the melt processing is completed at a 
low temperature in a short time, so it is possible to 
shorten the time for fabrication of a large-sized 
superconductor bulk and reduce the degradation of 
properties due to the residual oxygen and further it is 
possible to suppress degradation of properties due to 
reaction with the substrate material. 

The present invention was made based on the above 
discovery and has as its gist the following: 

(1) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor, characterized by using an RE-Ba-O- 
based compound (RE being one type or two types or more of 
rare earth elements) and a Ba-Cu-O-based material for 
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liquid phase as a starting material, melting the material 
for liquid phase, then growing the crystal. 

(2) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor as set forth in (1), characterized 
by infiltrating a Ba-Cu-O-based material for liquid phase 
into a skeletal structure formed by an RE-Ba-O-based 
compound (RE being one type or two types or more of rare 
earth elements), then growing the crystal. 

(3) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor as set forth in (2), characterized 
in that said skeletal structure is formed by fine 
particles of an RE-Ba-O-based compound. 

(4) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor as set forth in any one of (1) to 
(3) , characterized in that said RE-Ba-O-based compound is 
RE 2 Ba0 4 (RE being one type or two types or more of rare 
earth elements) . 

(5) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor as set forth in any one of (1) to 
(3), characterized in that said RE-Ba-O-based compound is 
RE<Ba30 9 (RE being one type or two types or more of rare 
earth elements) . 

(6) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor as set forth in any one of (1) to 

(5) , characterized in that an average composition of a 
composition comprised of said RE-Ba-O-based compound and 
Ba-Cu-O-based material for liquid phase is 

RE:Ba:Cu-X:Y:Z(l.l<X<2_0, 2.2<Y£2.6, 3,l<:z<3.6). 

(7) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor as set forth in any one of (1) to 

(6) , characterized in that said RE-Ba-O-based compound 
and/or Ba-Cu-O-based material for liquid phase contains 
platinum (Pt) or Ce0 2 in an amount of not more than 2 
mass% . 

(8) A method of fabrication of an RE-Ba-Cu-O-based 
oxide superconductor as set forth in any one of (1) to 

(7) , characterized in that said RE-Ba-O-based compound 
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and/or Ba-Cu-O-based material for liquid phase further 
includes silver (Ag) in an amount of not more than 30 
mass% as a dispersed phase. 

According to the present invention, it becomes 
5 possible to grow a crystal at a lower temperature in a 

shorter time, reduce the residual oxygen and reduce the 
reaction with the substrate material to improve the 
properties, enable fine and uniform dispersion of the 
superconducting phase, and fabricate a large-sized high 
10 performance superconductor bulk. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a view of the structure of a 
superconductor of the present invention. 

FIG. 2 is a view showing a temperature dependence of 
15 a magnetic susceptibility, 

FIG* 3 is a view showing a field dependence of a 
critical current density. 

THE MOST PREFERRED EMBODIMENT 

The present invention is characterized by using an 
RE-Ba-O-based compound (RE being one type or two types or 
more of rare earth elements) and a Ba-Cu-O-based material 
for liquid phase as a starting material, melting the 
material for liquid phase, then growing the crystal. 

Here, it is preferable to infiltrate a Ba-Cu-O-based 
material for liquid phase into the skeletal structure 
formed by the RE-Ba-O-based compound, then grow the 
crystal, but it is also possible to mix the RE-Ba-O-based 
compound and Ba-Cu-O-based material for liquid phase in 
advance. The form and method of production are not 
30 particularly limited. 

Further, the skeletal structure is preferably formed 
by fine particles of the RE-Ba-O-based compound, but it 
is sufficient that spaces enabling the Ba-Cu-O-based 
material for liquid phase to be infiltrated be provided 
overall. The shapes (spherical, needle-shaped, etc.), 
structures, and method of production of the particles are 
not particularly limited. 
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In the present invention, it is not necessarily 
required to place the Ba-Cu-O-based material for liquid 
phase on the skeletal structure. That is, in the relative 
disposition of the RE-Ba-O-based compound and the Ba-Cu- 
O-based material for liquid phase, it is sufficient that 
they be disposed in contact so that the Ba-Cu-O-based 
material for liquid phase be able to infiltrate the 
spaces of the skeletal structure as a whole. Otherwise, 
the disposition is not particularly specified. 

The composition of the Ba-Cu-O-based material for 
liquid phase is selected in relation to the RE-Ba-O-based 
compound, but particularly in the points of improvement 
of the critical current density (J c ) and improvement of 
the strength, it is preferable that the crystallized 
15 RE123 phase include the RE211 phase in an extent of 10 to 

50 mol% or so. 

Further, when fabricating a LREl23-based material in 
a high oxygen partial pressure, properties due to 
formation of a solid solution are easily formed. To 
20 suppress this, adding an excess of 10 mol% or so Ba is 

effective in improving the properties. 

Therefore, the average composition of a composition 
formed by an RE-Ba-O-based compound and a Ba-Cu-O-based 
material for liquid phase can be made 
25 REBa2Cu30 7 - d (REl23)+ (10 to 50 mol% ) RE 2 BaCuO s (RE211 ) 

+ (0 to 10 mol%)Ba0 2 . 

That is, it is preferable that RE:Ba:Cu=X: Y:Z 
(1.1<X<2.0, 2.2£Y<2.6, 3.1£Z<3.6). 

As the RE-Ba-O-based compound, RE 2 Ba0 4 or RE 4 Ba 3 0 9 (RE 
30 being one type or two types or more of rare earth 

elements) is preferably selected. 

In the present invention, as explained above, in 
accordance with the reaction 

RE-Ba-O-based compound* liquid phase 1 -» 
35 RE211+iiquid phase 2 -+ RE123 

an RE-Ba-Cu-o-based oxide superconductor is grown. This 



point is the characteristic feature of the present 
invention . 

Further, in the present invention, said RE-Ba-O- 
based compound and/or Ba-Cu-O-based material for liquid 
phase may also include Pt and/or Ce0 2 in an amount of 2 
mass% or less so as to stabilize the effect of fine 
dispersion of the second phase (RE211) and/or RE422. 

Further, to improve the mechanical properties of the 
RE-Ba-Cu-O-based oxide superconductor, the RE-Ba-O-based 
compound and/or Ba-Cu-O-based material for liquid phase 
may also include silver (Ag) in an amount of 30 mass% or 
less as a dispersed phase . 

An example of the method of production of a 
superconductor of the present invention is as follows 

• Preparation of RE-Ba-O-Based Compound 

Material powders comprised of a rare earth oxide and 
Ba0 2 are weighed and mixed so that the molar ratio of the 
rare earth element Ba becomes 2:1 (or 4:3} . This mixed 
powder is heat treated for example in the air at 900 to 
1100°C for 24 hours, then again crushed and mixed so as to 
prepare an RE 2 Ba0 4 or RE 4 Ba 3 0 9 compound. 

At this time, adding platinum in an amount of 0.1 to 
0.5 mass% or so and silver in an amount of 10 mass% or so 
is effective in increasing the fineness of the ordinary 
conductivity phase and improve the strength, 

• Synthesis of Ba-Cu-O-Based Ingredient Material for 
Liquid Phase 

For example, material powders comprised of Ba0 2 and 
CuO are weighed and mixed so that the molar ratio of 
Ba:Cu becomes 1.5:3.4. This mixed powder is for example 
heat treated in air at 950°C for 24 hours, then again 
crushed and mixed to prepare the Ba-Cu-O-based liquid 
phase ingredient material, 

• Preparation of Precursor Bulk 

The RE-Ba-O-based compound and the Ba-Cu-O-based 
liquid phase ingredient material are mixed to give an 
average composition of 
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REBa2Cu3O7-<j(R£123) + (10 to 50 mol%) RE 2 BaCu0 5 (RE211) 
+ (0 to 10 mol%) BaO z 
and are shaped by uniaxial pressing and CIP to prepare a 
precursor bulk shaped article. 

Alternatively, it is also possible to shape the RE- 
Ba-O-based compound, then place the Ba-Cu-O-based liquid 
phase ingredient material or conversely to place the RE- 
Ba-O-based compound on the Ba-Cu-O-based liquid phase 
ingredient material. 

Further, it is possible to disperse the Ba-Cu-O- 
based ingredient material for liquid phase in an organic 
solvent and coat the result on an RE-Ba-O-based compound 
skeletal material. The methods of supplying the RE-Ba-O- 
based compound and the Ba-Cu-O-based ingredient material 
15 for liquid phase are not limited. 

At this time, the shape is not limited to a sheet or 
disk shape, it is sufficient that the Ba-Cu-O-based 
ingredient material for liquid phase be first melted and 
reacted with the RE-Ba-O-based compound, so the invention 
20 can also be applied to more complicated shapes such as 

thin films or shallow bowls. 

Further, when using an RE-Ba*-0 compound as the 
skeletal material, it is preferable to use a drill to 
make a large number of fine holes, add in advance a 
25 granular polymer material, then cause it to decompose by 

heat, or use another generally used method of preparation 
of a porous material to make a porous material. 
• Crystal Growth 

The above shaped article is heated in an inert gas 
or a mixed gas of an inert gas and oxygen. At 1000 to 
1100°C or so, the Ba-Cu-O-based ingredient material for 
liquid phase is dissolved and reacted with the RE-Ba-O- 
based compound. At this time, in accordance with the 
following reaction formula, an RE211 (needle crystal) and 
35 liquid phase are produced. 

RE-Ba-O compound+liquid phase 1 RE211 (needle-shaped) 
+ liquid phase 2 
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After this, in accordance with need, a seed crystal 
is placed on the partially melted material, then the 
material is slowly cooled in an oxidizing atmosphere at 
the RE123 growth temperature or less to grow an RE123 
crystal . 

• Features of Bulk Obtained in Present Invention 
According to the present invention, it becomes 

possible to grow a crystal at a lower temperature and 
shorter time, reduce the residual oxygen, and reduce the 
reaction with the substrate material to improve the 
properties, enable fine, uniform dispersion of the 
superconducting phase, and fabricate a large-sized high 
performance superconductor bulk. 

* Comparison With Method of Production Using Other 
Materials 

When using materials comprised of RE123 and RE211 to 
fabricate a bulk, there is a possibility of the residual 
oxygen causing formation of multiple nuclei or formation 
of a solid solution and resultant degradation of 
properties, a drop in the superconducting transition 
temperature, and uneven distribution. 

Further, by high temperature, long melting, a 
reaction occurs between the melt and the substrate and 
degrades the properties of the grown superconductor 
crystal in some cases. 

Further, the superconductor sample fabricated by 
this method includes two types of phases: an RE211 phase 
added as an initial material and an RE211 phase formed by 
heat decomposition of RE123. 

The former RE211 phase is mainly spherical, while 
the latter RE211 phase is needle-shaped. The 
superconductor crystal includes both RE211 phases. As a 
result, there are limits to improvement of the 
performance of the superconductor bulk. 

Compared with the case of using RE 2 0 3 and Ba-Cu-0- 
based liquid phase ingredients as material, using an RE- 
Ba-O-based compound has the advantage of a higher solid 
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phase content and little change in shape of the shaped 
article. 

Further, compared with the case of using RE211 and 
Ba-Cu-O-based ingredients for liquid phase as materials, 
in the case of using an RE-Ba-O-based compound, all of 
the RE211 phase is newly formed and further becomes 
needle-shaped, so this is superior in the point of 
holding the liquid phase and shape retention. 

EXAMPLES 

Below, examples and comparative examples of the 
present invention will be shown, but the present 
invention is not limited to these examples. 

(Example 1) 

Material powders comprised of Gd 2 0 3 and Ba0 2 were 
weighed and mixed so that the molar ratio of GdrBa became 
2:1. The mixed powder was shaped, then heat treated in 
air at 950°C for 24 hours, then again crushed and mixed to 
fabricate a Gd 2 Ba0 4 powder. 

Further, material powders comprised of Ba0 2 and CuO 
were weighed, mixed, and shaped so that the molar ratio 
of Ba:Cu became 1.5:3.4. This was heat treated in the air 
at 850°C for 24 hours, then again crushed and mixed to 
obtain a Ba-Cu-o-based ingredient material for liquid 
phase. 

The Gd 2 Ba0 4 powder and the Ba-Cu-O-based ingredient 
material for liquid phase were weighed and mixed to give 
a molar ratio of Gd:Ba;Cu in the average composition of 
1.8:2.4:3.4. A 60 mm diameter mold was used for uniaxial 
pressing and CIP to form this mixture to a thickness of 
about 20 mm, then this was placed in a furnace and melt- 
textured grown. At this time, platinum was added in an 
amount of 0.5 mass% and silver in 20 mass%. 

The melt-textured growth was performed by first 
raising the temperature in flowing argon to 1050°C, 
replacing the atmosphere with 1% oxygen-argon gas, 
allowing 30 minutes to elapse, then lowering the 
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temperature to 1020°C, placing a Ndl23-based seed crystal 
on top of the sample, then cooling to 980°C, slowly 
cooling to 960°C by a cooling rate of 0.5°C/hour, then 
cooling to room temperature at 100°C/hour to obtain a 
bulk. 

The obtained sample was annealed in flowing oxygen 
at 400°C for 300 hours to form a superconductor. From 
observation of a fracture surface of the obtained sample, 
it could be confirmed that the sample had needle-shaped 
fine Gd211 crystals uniformly dispersed in it. 

The structure of the polished surface is shown in 
FIG. 1. Further, the magnetization was observed by SQUID, 
whereby the superconducting transition temperature was 
found to be 94. 5K and 77K and the critical current 
density in zero magnetic field was found to be about 
80000 A/cm 2 . 

(Example 2) 

(Gd, Dy)2Ba0 4 powder was shaped using a 40 mm 
diameter mold to a thickness of 10 mm by uniaxial 
pressing. At this time, the pressure was adjusted so that 
the shaped density became not more than 50% of the 
relative density. 

Separately, a Ba-Cu-O-based liquid phase ingredient 
material weighed, mixed, and heat treated to give a molar 
ratio of Ba:Cu of 1.6:3,5 was shaped using a 40 mm 
diameter mold by uniaxial pressing. 

At this time, the amount of the Ba-Cu-O ingredient 
material for liquid phase was adjusted so that the 
average composition became Gd: Dy : Ba : Cu-1 : 1 : 2 . 6 : 3 . 5 . 

The Ba-Cu-O-based ingredient for liquid phase shaped 
article was placed over the (Gd, Dy) 2 Ba0 4 shaped article, 
the articles were rapidly raised in temperature in the 
air to 1040°C, held there for one hour, then a seed 
crystal was placed on top, then the. articles were slowly 
cooled from 1010°C by a cooling rate of 0.3°C/hour to 
980°C, then furnace cooled. 
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The obtained sample was annealed in flowing oxygen 
at 4 00*C for 300 hours to form the superconductor. 

The magnetization of the sample near the surface was 
measured by SQUID, whereupon the superconducting 
transition temperature was found to be 93. 5K and 77K and 
the critical current density in zero magnetic field was 
found to be about 40000A/cm 2 . 

The temperature dependence of the magnetic 
susceptibility is shown in FIG. 2, while the field 
dependence of the critical current density is shown in 
FIG. 3. 

(Example 3) 

Material powders comprised of Ho 2 0 3 and Ba0 2 were 
weighed and mixed to give a molar ratio of Ho : Ba of 4:3, 
the mixed powder was shaped, then the shaped article was 
heat treated in the air at 950°C for 24 hours, then again 
crushed and mixed so prepare an HO4Ba 3 0^ powder . 

Further, material powders comprised of Ba0 2 and CuO 
were weighed, mixed, and shaped to give a molar ratio of 
BarCu of 1.5:3.4, the shaped article was heat treated in 
the air at 850°C for 24 hours, then again crushed and 
mixed so as to obtain a Ba-Cu-O-based ingredient material 
for liquid phase. 

The Ho 4 Ba 3 0 9 powder was dispersed in an organic 
solvent in which a PVB-binder was dissolved in diethylene 
glycol monoethyl ether acetate and was screen-printed on 
a YSZ-sintered-substrate-ground on its surface. 

From the above, a Ba-Cu-O-based ingredient material 
for liquid phase similarly dispersed in a similar solvent 
was coated and heat treated. The heat treatment consisted 
of raising the sample in temperature in the air to 1020°C, 
holding it for 20 minutes, then slowly cooling from 1000°C 
at a cooling rate of l°c/hour down to 980°C, then furnace 
cooled. 

The obtained sample did not react much at all with 
the YSZ-substrate. 
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Further, the obtained sample was annealed in flowing 
oxygen at 4 00*C for 300 hours for conversion to a 
superconductor. 

The obtained thick film was evaluated for magnetic 
5 shield properties at the liquid nitrogen temperature , 

whereby it was possible to reduce the 3000G magnetic 
field to less than 30%. 

(Comparative Example 1) 

Material powders comprised of Gdl23 and Gd211 were 
10 weighed and mixed to give a molar ratio of Gd:Ba:Cu of 

1.8:2.4:3.4 and shaped using a .60 mm diameter mold by 
uniaxial pressing and CIP to a thickness of about 20 mm, 
then the powder was placed in an electric oven and melt- 
textured grown. 

15 At this time, platinum was added in an amount of 0.5 

mass% and silver in 20 mass%. 

The melt-textured growth was performed in a 1% 
oxygen-argon gas. In the same way as in Example 1, the 
sample was held at 1050°C for 30 minutes, then lowered in 

20 temperature to 1020°C, a Ndl230-based seed crystal was 

placed on the sample, then the sample was cooled to 980°C, 
slowly cooled to 960°C by a cooling rate of 0.5°C/hour, 
then cooled to room temperature at 100°C/hour to grow a 
crystal . 

25 However, the obtained crystal was polycrystalline . 

Further, the sample was annealed in flowing oxygen at 
400°C for 300 hours to convert it to a superconductor- The 
magnetization was measured by SQUID, whereupon the 
superconducting transition temperature was found to be 

30 92. 5K near the surface, but was about 80K at the center. 

The transition curve was also broad. 

This is believed to because the internal oxygen 
could not be completely removed, 
INDUSTRIAL APPLICABILITY 

35 As explained above, according to the present 

invention, it becomes possible to grow a crystal at a 
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lower temperature and shorter time, reduce the residual 
oxygen, and reduce the reaction with the substrate 
material to improve the properties, enable fine, uniform 
dispersion of the superconducting phase, and fabricate a 
large-sized high performance superconductor bulk. 

Therefore, the present invention enables the 
fabrication of an RE-Ba-Cu-O-based oxide superconductor 
able to be used for various applications such as a 
superconductor bearing, superconductor magnetic transport 
system, superconductor permanent magnet, magnetic shield, 
etc, and promotes the application of superconductors in 
industry, so is great in industrial applicability. 



